Novel γ-Fe 2 O 3 @APTES@rGO composites are successfully synthesized by using graphene oxide and silanized maghemite nanoparticles. Graphene oxide and maghemite were obtained by Hummers and Massart methods, respectively. The silanization process was done to functionalize maghemite surface with a controllable quantity of amino groups. Then, by adding aqueous graphene oxide suspension, the bonding between graphene oxide and silanized maghemite nanoparticles was done in refluxing conditions. Afterwards, chemical reduced graphene oxide reaction was realized by addition of hydrazine solution. The characterization of γ-Fe 2 O 3 @APTES@rGO composites was studied by X-ray Diffraction, Fourier Transformed Infrared Spectroscopy, thermogravimetric analysis and scanning electron microscopy.
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composite reported here is the presence of the propylsilane linking graphene with γ-Fe 2 O 3 nanoparticles. Such differences result in a quantitative control of the association between nanoparticles and graphene (the components of composite). The synthesis process is resumed as 1) silanizing γ-Fe 2 O 3 with 3-aminopropyltriethoxysilane (APTES); 2) coupling between γ-Fe 2 O 3 @APTES compounds and graphene oxide (GO); and 3) chemical reduction of graphene oxide preserving the γ-Fe 2 O 3 silane-coating and its bonding to the graphene sheet. The experimental results show that chemically reduced graphene oxide sheets (rGO) are linked to γ-Fe 2 O 3 @APTES nanoparticles. Graphene oxide synthesis: GO was synthesized using Hummers method [25] . Synthetic graphite (2 g,100 mesh) was added to concentrated H 2 SO 4 (46 ml) and stirred at 0°C for 24 h. Afterwards, NaNO 3 (200 mg) was added to the mixture while keeping temperature and stirring. For oxidation, KMnO 4 (6 g) was added slowly keeping temperature below 35°C. Then, water (86 ml) was dropped at a rate of 1.5 ml/min. Finally, water (280 ml) and H 2 O 2 (20 ml, 30%) were added to terminate the reaction. The obtained solid was centrifuged, washed with HCl (10 %) and water.
2-Materials and methods

Preparation of maghemite nanoparticles: γ-Fe
Composite formation: GO (250 mg) was ultrasonicated in NaOH solution (500 ml, pH 10) and stirred for 5 h. 
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(FT-IR) spectra were recorder with an IRAffinity-1 spectrophotometer, in 4000-500 cm -1 range, using standard KBr pellet technique. Thermal stability of compounds was investigated using a TGA-50 Thermogravimetric Analyzer under static air atmosphere at a heating rate of 10 °C min -1 . Scanning electron microscopy (SEM)
images were obtained with a Carl Zeiss Supra 40 field emission SEM microscope. Magnetization was measured in a Quantum Design MPMS SQUID magnetometer. respectively. As can be seen, the presence of γ-Fe 2 O 3 nanocrystalline was confirmed by the characteristic reflections associated with maghemite phase. In Figure 1 (a), the peak around 11° is related to GO, but, after hydrazine reduction, this peak vanishes and a poorly ordered graphene signal near to 22° appears, Figure 1(b) .
3-Results and discussion
The peak of 22° is associated to (002) rGO [27] . In γ- Figure 2b is observed that when APTES surface density increase, the decomposition temperature range increases. This could be associated with an increase in thermal stability [31, 32] .
Moreover, when analyzing the FT-IR spectra associated with γ-Fe 2 O 3 @APTES@rGO, Figure 2c , it can be observed the absence of N-H stretching and NH 2 bending mode of amino group as an effect of covalent bonds between γ-Fe 2 O 3 @APTES and GO sheets [33] . In TGA measurements of two composites (Figure 2d ) are observed three weight-loss stages that are associated with the loss of H 2 O, residual functional groups and rGO sheets, respectively [34, 35] . As can be seen, the rGO loss is higher for the composite which has the largest M A N U S C R I P T
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number of amino groups in the coating. This effect confirms that there is a direct dependence between the coated characteristics and the amounts of graphene sheets in the synthesized composite.
The morphology and structural features of γ-Fe 2 O 3 @APTES, GO sheets and composite were studied by using SEM. Figure 3a shows a SEM image of γ-Fe 2 O 3 @APTES in which is clear that discrete coated-nanoparticles have a spherical shape. As shown in this image, γ-Fe 2 O 3 @APTES are small with a size of about 10 nm, which can become a spacer to prevent a posterior restacking of individual graphene sheets. From the image of GO, Figure 3b , it can be seen that graphene layer are exfoliated to a large extent, with a wrinkled structure that provides a large rough surface as scaffold for further modification. After reaction between γ-Fe 2 O 3 @APTES and GO, and the posterior reduction process with hydrazine, the coated-nanoparticles are completely distributed on rGO sheets (Figure 3c ) indicating the composite formation. In this representative SEM image of the composite, the graphene sheets exhibit a slightly wrinkled surface and the coated-nanoparticles appear as bright dots. Many γ-Fe 2 O 3 @APTES spheres are firmly anchored on both sides of the wrinkled graphene sheets. The graphene layers might contribute to hinder coated-nanoparticles aggregation.
4-Conclusion
In summary, we have successfully synthesized a novel nanocomposite based on γ-Fe 2 O 3 @APTES nanoparticles and chemically reduced graphene oxide sheets. The results from XRD, FT-IR and TGA clearly indicate that coated-nanoparticles and graphene sheets are firmly tethered by covalent bonding. However, the graphene oxide quantity present in the composite can be influenced as a function on amount of amino groups that constitute the γ-Fe 2 O 3 coating.
5-Acknowledgements
Agencies of Argentina (CONICET and ANPCyT) and Mexico (CONACyT) for financial support. We thank Lorena Maldonado for technical assistance in FT-IR and TGA measurements. 
